Abstract This study focused on the changes of physicochemical and microbiological properties and aroma compounds of freshly-squeezed orange juice during storage at different temperatures. Aroma compounds were analyzed by solid-phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS). The results showed that the total aerobic plate counts of orange juice stored at room temperature and 37°C was far more than 4°C. Totally 33 aroma compounds were determined in these orange juices. Significant differences on the aroma compounds in orange juices stored at different temperatures were observed in the present study. Most of the terpenes decreased at 4°C after 15 days' storage, while 10 and 8 terpenes increased during storage at room temperature and 37°C. a-Terpineol and p-vinylguaiacol were the only off-flavor compounds found in juice stored at 4°C and room temperature at late storage respectively. While terpinen-4-ol, 4-ethylguaiacol and p-vinylguaiacol were found in juice stored at 37°C at late storage. a-Terpineol was the only off-flavor compound found in orange juice stored at 4°C.
Introduction
Citrus fruit is one of the most important commercial fruits in the world. And it is the most economically relevant and extensively grown fruit tree crop in the world and their fruits are an important source of secondary metabolites for nutrition, health, and industrial applications (Rodríguez et al. 2017) . Orange juice is the most popular juice in the world because it has aroma, attractive flavor and color, as well as its health benefits. (O'Neil et al. 2011 ). Orange flavor is perhaps widely recognized and accepted in the food and beverage industry around the world (Kelebek and Selli 2011) . The flavor of fresh orange juice is due to the complex combination of a large number of volatile compounds which includes esters, aldehydes, alcohols, ketones, and terpenes et al. (Perez-Cacho and Rouseff 2008a) . Changes of physicochemical and microbiological parameters and aroma compounds of the orange juice may occur during storage. Odors and flavors are the major determinants of fruit quality, but these traits are often genetically complex and difficult to score (Galili et al. 2002) . Storage time, temperature and microbial contamination had a significant effect on the flavor of fruit juice (Perez-Cacho and Rouseff 2008a) .
Freshly-squeezed orange juice is the sensory standard for the taste of orange juice. The concentration of volatile compounds in juice depends on temperature, processing methods, storage time, heat treatment and the amount of volatile compounds added to the juice and so on (PerezCacho and Rouseff 2008b) . Wibowo et al. (2015) reported that the volatile had different changes at different storage temperatures and it has great influence on storage temperature. They found that more volatiles changed at higher temperatures than that at 20°C and the increase of terpenes and sulphur compounds was observed at higher storage temperatures (Wibowo et al. 2015) . Additionally, some offflavors may be formed due to complex chemical reactions. The emergence of fresh and unique flavor was caused by natural combination of volatile compounds of sugar, acid and phenolic compounds, and it is a balanced system (Kelebek and Selli 2011) .
It is difficult to preserve the fresh orange juice because of temperature, light exposure and other storage environment. At present, the judgement of the quality of orange juice is performed mainly according to the appearance, color, acidity and microbial detection. However, the operation of microbial detection is more complex and time consuming. Aroma index is one of the important qualities of citrus juice, and this indicates that the quality may be judged from the changes of these compounds. The aroma compounds in orange juice and its changes in processing orange juices during storage have been investigated widely, while the changes of these compounds in freshly-squeezed orange juice stored at different temperatures have seldom been reported. Hence, it is interesting to investigate the changes of aroma compounds and physicochemical and microbiological properties of orange juice during storage. This study aimed to study the changes of aroma compounds and physicochemical and microbiological properties of freshly-squeezed orange juice during storage until spoilage.
Materials and methods

Reagents and reference samples
The reagent acetic acid, sodium hydroxide, phenolphthalein and sodium chloride were of analytical reagent grade and purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). The water used in the study was purified using Millipore-Q system (Millipore Corp., Saint-Quentin, France). Standards of n-paraffins (C 6 -C 25 ) were purchased from Sigma Chemical Company (Saint Louis, MO, USA). Aroma standards, particularly 1-hexanol, b-elemene, a-thujene, a-terpinene, copaene, isoamyl acetate, benzyl acetate, were gifts from Shenzhen Boton Flavors & Fragrances Co., Ltd. (Shenzhen, China). terpinolene, citral, decanal, octanal, nerol, germacrene D, valencene, cterpinene, camphene, alloaromadendrene, bgurjunene, cubebene, were obtained from Sigma Chemical Company (Saint Louis, MO, USA).
Plant material
Mature navel oranges were purchased from Zigui City, Hubei Province, P. R. China. The oranges were harvested in December. The harvested citrus fruits were washed and then dried. The pulp was obtained by hand separation from the peels and was extracted into juice by using a centrifugal juice extractor. Then the juices were packed in 500-mL sterilized bottles and stored at 4°C, room temperature and 37°C, respectively. The physicochemical and microbiological properties and aroma compounds of the orange juice were detected everyday until significant deterioration occurred.
Physicochemical and microbiological properties
The pH values of the juices were detected using a pH meter. The total titratable acid was measured by titration using standardized 0.1 M sodium hydroxide. The total soluble solids were measured as°Brix using a saccharometer. Microbiological analysis was performed according to the Chinese National Standard (GB 4789.2-2016) by measurement of the total bacteria amounts which was indicated as total aerobic plate counts (TPC). TPC was determined by spread plating samples on nutrient agar and incubating at 36°C for 48 h. Microbial colonies were counted and reported as log CFU/g of fresh weight.
Sensory analysis
Sensory analysis was performed according to the previous study (Ren et al. 2015) . Ten assessors (eight females and two males) from College of Food Science and Technology, Huazhong Agricultural University. Most of the assessors experienced in GC-olfactometry. All the assessors were trained according to the guidelines of the ISO 8586-1 (1993) and have passed the screening tests, in order to familiarize the aroma of the orange juice and to improve their ability to recognize, identify and quantify the sensory attributes of the juice. Then they were familiarized with the flavor of the orange juice and instructed to agree on a common list of five descriptors: fruity, orange, grassy, floral, and sour. Descriptive analysis of the orange juices was performed as follows: Five milliliter of the orange juices was placed in a 10 mL coded flask. Then about 2 cm of the extremity of the fragrance blotter paper (142 mm 9 6 mm) was immersed in the sample for 0.5 min and then presented to the assessors. The intensity of each descriptor was tested on a scale of 1-9 (1 = very weak intensity, 3 = weak intensity, 5 = moderate intensity, 7 = strong intensity, and 9 = very strong intensity) (Selli et al. 2008) . And the sensory profile analysis results were plotted in a column chart.
Extraction of aroma compounds
A solid-phase microextraction (SPME) manual device equipped with 50/30 lm divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fiber (Supelco, Bellfonte, PA, USA) was used to extract aroma compounds from orange juices. The fiber was conditioned in a GC injector port at 270°C for 1 h before use. Afterward, 10 mL of orange juices with 3.6 g of NaCl was placed in a 20 mL vial containing a microstirring bar. The samples were equilibrated at 40°C for 15 min and extracted using the DVB/CAR/PDMS fiber for 40 min at the same temperature with continuous stirring. After volatiles were extracted, the fiber was inserted into the GC injection port to desorb the analytes for 5 min. Each analytical sample was analyzed in triplicate.
GC-MS analysis of volatile compounds
Volatile compounds were subjected to GC analysis on an Agilent 6890 N GC coupled to mass spectrometer (5975B) and equipped with a J&W HP-5MS fused silica capillary column (30 m 9 0.25 mm i.d., 0.25 lm film thickness). Mass spectral ionization was set at 230°C. The mass spectrometer was operated in an electron ionization mode at a voltage of 70 eV. The flow rate of helium on the HP-5 column was 1.2 mL/min. A 0.75 mm liner was used. Analysis was conducted in a splitless mode. Injector temperature was 250°C. The column was initially maintained at 40°C for 3 min; temperature was then increased from 40 to 160°C at 3°C/min, maintained at 160°C for 2 min, and finally increased to 220°C at a rate of 8°C/min. Temperature was maintained at 220°C for 3 min.
The compounds detected by GC-MS analysis were identified by comparing the obtained mass spectra and retention indices (RI) with those of authentic standards and published data and by comparing the corresponding mass spectra with the MS library of Wiley7.0 and Nist05. RIs were calculated using a mixture of n-paraffin C 6 -C 25 as standards. Volatile compound contents were expressed as the GC peak areas.
E-nose analysis
The E-nose analysis was conducted using a FOX4000 Alpha M.O.S. (France) E-nose system. A static headspace (HS-100) autosampler was used for sample introduction. Three chambers of 18 sensors (chamber 1 contains LY2/ LG, LY2/G, LY2/AA, LY2/GH, LY2/gCTL and LY2/gCT; chamber 2 contains T30/1, P10/1, P10/2, P40/1, T70/2 and PA/2; chamber 3 contains P30/1, P40/2, P30/2, T40/2, T40/ 1 and TA/2) were used for the measurement of the odor characteristics of samples.
Static headspace was generated in a 10 mL vial using 2 g of samples. Headspace (2500 mL) carried by air (150 mL/min) was injected into the E-nose. Sensor resistance was measured during 120 s at the rate of one acquisition every 1 s. All samples were run in seven repetitions. Radar graph and data for PCA were obtained using the built in software for E-nose analysis. Alpha Soft (version. 12.4) software was used for data processing.
Statistical analysis
The average values and standard deviations of the intensity of each descriptor obtained from the ten assessors were calculated and reported. Significant differences of physicochemical and microbiological properties and aroma compounds in orange juices obtained in triplicate analysis were determined by one-way ANOVA using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA). Correlations between sensory data and chemical compounds were computed using partial least square (PLS) regression analysis in XLSTAT 2010 (Addinsoft, New York, NY, USA).
Results and discussion
Physicochemical and microbiological properties
The changes in physicochemical properties of orange juices during storage at different temperatures are shown in Fig. 1 . As shown in Fig. 1a , the pH of the orange juice decreased first, then increased, and finally tended to be stable during storage at 4°C. The pH of freshly-squeezed orange juice varied between 3.3 and 4.3 (Parish 1998) . The changes of pH value were relatively flat. It increased slightly and then decreased slightly during storage at room temperature. The pH value initially decreased and then increased during storage at 37°C. As shown in Fig. 1b , the total acid contents of the orange juice were unstable during the storage. The content of the total soluble solids content of the orange juice decreased first and then increased during storage at 4°C (Fig. 1c) . And it increased when storage at room temperature and 37°C.
The changes in total acidity in fruit juices during storage have been observed earlier. Li et al. (2009) found that the total acid of longan juice decreased first and then increased after 50 days' storage at 4°C. Qian et al. (2014) found that the total acid of mandarin fruit juice increased greatly. It decrease after 5 weeks' of storage at 5°C was observed.
Total acid also increased greatly in pasteurized processed and fresh commercial-squeezed orange juices during 4 days' storage at 5°C (Baldwin et al. 2012 ). And they reported that the heating process in thermal pasteurization might have caused an increase in the total acids (Baldwin et al. 2012) . The main reason of the increase of the total acid in juice might be the generation of acids from carbohydrate according to the oxidation (Fischer and Bipp 2005) .
The changes in total aerobic plate counts (TPC) of orange juices stored at different temperatures are shown in Fig. 1d . Similarly, total aerobic plate counts of the orange juices stored at room temperature and 37°C were only measured for 4 days. TPC in orange juices stored at 4°C were less than 10 CFU/g in the first 5 days' storage. While it increased gradually from the sixth day. While a trend of decreasing followed by increasing microbial populations took place in the first few days of storage of unpasteurized orange juice at low temperatures (Eleftheriadou et al. 1998) . TPC increased significantly during the storage at room temperature and 37°C, and it exceeded the TPC standard of 10 000 CFU/g in DB33/533-2005 (Hygienic standard and regulation for squeezed fresh fruit and vegetable juices of Zhejiang Province in China). While TPC in orange juices stored at 4°C didn't exceed this criteria during the 15 days' storage. Microbiological contaminations can change the characteristic aroma of orange juices or produce specific off-flavors (Gocmen et al. 2005) .
Sensory evaluation
The flavors of the orange juices were evaluated by ten panelists using five descriptors (grassy, floral, fruity, orange, and sour), which were considered to be the most efficient sensorial characteristics of juices. The average aroma intensity scores of the orange juices on the column chart are shown in Fig. 2 . The significant decrease on the mean scores of each sensory descriptor of the orange juices stored at different temperatures was observed. Orange was the strongest flavor of the orange juices at the first few days' storage, followed by sour. It is interesting that sour became to the main flavor of the orange juices stored at 4°C and 37°C at the late stage of the storage. The reason might be the growth of lactic acid bacteria in orange juice which could give rise to butter-milk or a vinegar odor (Hays and Riester 1952) . Sensory scores decreased rapidly with the increase of storage temperature. It is reported that the overall aroma of orange juices changes in aroma compounds have been observed in orange juices when stored at higher temperatures than refrigerated (4-6°C) for up to 16 weeks, but it did not change dramatically if they are stored at refrigerated (4-6°C) temperatures (PerezCacho and Rouseff 2008a) . And this will result in the decrease of sensory quality of the orange juice.
Aroma compounds
The aroma compounds of orange juices that stored at different temperatures were analyzed everyday during the whole storage until significant spoilage occurred. The results are shown in Table 1 (part of the data was not shown) and Table 2 . Totally 33 aroma compounds were determined in these orange juices.
Terpenes were the most abundant compounds in the orange juices, accounting for 97.8% of the total peak area. These compounds played an important role in the odor of oranges (Plotto et al. 2004) . In which, D-limonene was the predominant compound and accounting for 93% of the total peak area. Although the concentration of orange juice is high, it may not be the most important flavor contributor to orange juice. It has a 'lifting effect' for other aroma compounds, which is similar with ethanol in wine (Perez- Cacho and Rouseff 2008b), while Mastello et al. (2015) found that it has a citric and mint ordor. It is also considered by the industry to be an important compound in odor models of orange juice (Torres et al. 2009 ). Octanal, 2-hexenal and decanal were the three aldehydes detected in freshly-squeezed orange juice. Octanal and decanal are considered to be the major constituents of aroma active substance in orange juice (Perez-Cacho and Rouseff 2008b) . Octanal has an orange-like odor (Petersen et al. 1998) . The decrease of these two aldehydes during storage was observed in the present study. The reason for the losses of these two aldehydes might be partly due to the reaction of these aldehydes with amino acids according to a nonenzymatic browning reaction (Ayhan et al. 2002) . While Petersen et al. (1998) proposed that the significant decrease of these aldehydes might be a result of an oxidation of the aldehyde to the corresponding carboxylic acid.
The aroma compounds of orange juice stored at 4°C were detected daily during storage (Table 1) . Totally 8 aroma compounds disappeared during the 15 days' storage. In which, octanal was the only compound detected in freshly-squeezed orange juice, and it was not found at the followed storage. a-Thujene disappeared at the early storage of the orange juice. While 2-hexenal, a-terpinene, bphellandrene, decanal, citral and selinene were not found at the late storage. In total 16 aroma compounds were detected in the whole storage, while the content of most of these compounds declined after 15 days' storage. Similar results were also found in Ryo and Barringer's study that they found a majority of volatiles decreased significantly in the first week stored at 5°C because only the free and not bound aroma compounds can exist in the headspace and they could occur chemical reactions and oxidation (Ryo and Barringer 2015) . Moshonas and Shaw found that the volatile compounds dropped dramatically in 9 weeks and the water-soluble volatiles lost 70%, while oil-soluble compounds lost 30% of the original concentration (Moshonas and Shaw 2000). And Ryo and Barringer found that about 30% of oil and water-soluble volatiles were lost in the process (Ryo and Barringer 2015) . The destruction of most orange juice volatiles is proposed to be the cause of an acidcatalyzed reaction (Petersen et al. 1998; Berlinet et al. 2005 ). a-Terpineol, cubebene, b-gurjunene and tetradecanal were the four new formed compounds during storage in this study. The total peak area of the aroma substances increased first and then decreased. Changes in aroma compounds in juices during storage could occur by rearrangement, hydrogenation or dehydrogenation of other components (Njoroge et al. 1996) . Tetradecanal is an aliphatic aldehyde which has a floral and waxy flavor with a low odor threshold (Chisholm et al. 2003; Lu et al. 2011 ). The aliphatic aldehydes are commonly known to derive Table 2 The aroma compounds of orange juice stored at room temperature and 37°C
No. Compounds 26.44b ± 2.3 2.81e ± 0.03 1.15a ± 0.03 1.82a ± 0.14 A 12 c-Terpinene 1.054 40.4a ± 11.3 6.83b ± 0.37 0.97c ± 0.01 2.92d ± 0.07 3.62e ± 0.74
14.85f ± 1.3 25.36 g ± 1.1 25.8 g ± 1.58 12.42f ± 1.9
A 13 Terpinolene 1.082 17.8a ± 8.5 8.07b ± 0.64 13.71a ± 1.4 15.01a ± 0.7 34.52c ± 1.64 1.91d ± 0.17 11.79e ± 2.7 15.93a ± 1.8 3.2f ± 0.13 from lipid oxidation (Sérot et al. 2004) . Increase in some terpenes can be linked to the oxidative reaction and/or acid-catalysed hydration-dehydration reactions of other terpenes as suggested by Perez-Cacho and Rouseff (2008a) . The formation ways of several terpenes in juices have been clarified, such as p-cymene from a-terpinene, cterpinene and limonene (Njoroge et al. 1996) , a-terpineol from D-limonene and linalool (Haleva-Toledo et al. 1999) . While the explicit formation ways of many other specific terpenes, such as cubebene and b-gurjunene, are still unknown. The aroma compounds of orange juice stored at room temperature were also detected everyday during the whole storage. As shown in Table 2 , only 2-hexenal, a-thujene, sabinene, octanal and citral disappeared during the storage. Totally 18 aroma compounds were found in the whole storage. Be different from the results obtained from the juices stored at 4°C, the content of 11 aroma compounds increased significantly after 4 days' storage. The reason might be that the relative high temperature promoted the release of these volatiles. Nerol, p-vinylguaiacol, cubebene and b-gurjunene were the four new formed aroma compounds in orange juice stored at room temperature, and their concentrations increased during the storage.
With regard to the aromas in orange juice stored at 37°C, 2-hexenal, sabinene and octanal disappeared on day 1, and a-thujene, citral and c-muurolene disappeared on day 3. Totally 19 aroma compounds were found in the whole storage, and eight of them increased during this storage. 1-Hexanol, terpinen-4-ol, nerol, 4-ethylguaiacol, p-vinylguaiacol, cubebene, b-gurjunene and tetradecanal were the 8 new formed compounds.
Temperature, storage light exposure, oxygen content, and container sorption or chemical contamination are the factors that affected the aroma compounds in orange juice. Among these, storage temperature was the most important factor (Graumlich et al. 1986 ). Significant differences on the aroma compounds in orange juices stored at different temperatures were observed in the present study. Most of the terpenes decreased at 4°C after 15 days' storage, while 10 and 8 terpenes increased at room temperature and 37°C. Wibowo et al. (2015) also found that terpenes (terpene hydrocarbons and terpene alcohols) in orange juice stored at 20 and 28°C increased during shelf-life. The a-pinene is an important aroma-active compound in orange juice. A significant decrease of a-pinene occurred through polymerisation and evaporation was observed in previous study (Njoroge et al. 1996) , and its degradation was accelerated by light exposure (Bacigalupi et al. 2013) .
The significant decrease of this compound was also observed in other studies (Averbeck and Schieberle 2011; Wibowo et al. 2015) . The a-pinene content in freshly recombinant orange Juice decreased by 50% during storage at 20°C for 16 weeks (Averbeck and Schieberle 2011) . It is reported that terpenes may undergo a series of oxidative hydration-dehydratation reactions which results in the formation of alcohols (e.g., terpinen-4-ol, a-terpineol) under the acidic conditions (pH * 3.8) in orange juice (Rouseff and Naim 2000) . These terpenes can also be converted into other terpenes under acid conditions by means of hydration, dehydration, rearrangements and cyclization reactions (Clark and Chamblee 1992) . Therefore, these chemical reactions of particular terpenes can give rise to the formation and deformation of other terpenes (Wibowo et al. 2015) . In addition, the absorption of aromas by packaging materials was another responsible factor for the decrease of some terpenes in model citrus juices (Lebossé et al. 1997 ). 1-Hexanol, terpinen-4-ol and 4-ethylguaiacol were the three compounds detected only in juice stored at 37°C. And a-terpineol was the only compound detected in juice stored at 4°C. Decanal was the only aldehyde detected in all the samples, while it disappeared in juice stored at 4°C at late storage. 2-Hexenal was not found in juices stored at room temperature and 37°C, and it disappeared at late storage of juices stored at 4°C. Octanal was also not found in juices stored at 37°C and it disappeared in juices stored at 4°C and room temperature at late storage. Decanal and octanal contribute to the typical characteristic of citrus note, and the reduction of these compounds during storage could result in the reduction of the typical orange flavor of orange juices.
Citral is a monoterpene aldehyde and it can decompose rapidly during storage at acidic condition according to a series of cyclization and oxidation reactions (Djordjevic et al. 2008 ). The degradation rates of citral were much faster at higher temperature (35°C) compared to at room temperatures (He et al. 2018) . Similar result was also obtained in this study that citral degraded more rapidly at 37°C than that at room temperature.
Off-flavors are the main factor affecting consumers' acceptability. a-Terpineol, terpinen-4-ol, 4-ethylguaiacol and p-vinylguaiacol were the four off-flavors detected in orange juices when stored at different temperatures. aTerpineol was the only off-flavor compound found in juice stored for longer period at 4°C. While it was found in commercial lemon, grapefruit and orange juices before and after accelerated storage at 45°C for 2 weeks, and its increase was both temperature-and time-dependent (Haleva-Toledo et al. 1999 ). Terpinen-4-ol, 4-ethylguaiacol and p-vinylguaiacol were found in juice stored at 37°C at late storage. This indicates that off-flavor compounds might be formed more easily at high temperature than that at relatively low temperature. It was also found that the concentration of these off-flavor compounds increased with the extended storage. And a-terpineol was more easily formed at relatively low temperature with long-term storage. It has a musty, stale, or piney off-flavor when added to orange juice (Tatum et al. 1975) , and it was a product of acid catalyzed hydration of d-limonene. The formation of aterpineol was also observed in orange juice after pasteurization (Pérez-López and Carbonell-Barrachina 2006a) , and its formation was closely related with the orange juice pH (Haleva-Toledo et al. 1999) . Additionally, the relativity between a-terpineol, oxidized taste/odour and bitterness was observed in previous study (Petersen et al. 1998) . And it was recommended as an indicator of shelf-life of orange juice because the increase of this compound was linear with the extension of storage time (Askar et al. 1973) . While this compound was only found in juice stored at 4°C at the late storage, and was not found in juices stored at room temperature and 37°C. The reason might be that the storage time used in the present study was short. Terpinen-4-ol was also an off-flavor compound degraded from d-limonene and linalool. Through the determination of the stability of d-limonene and linalool, and formation of aterpineol and terpinen-4-ol, it provided a basis for further analysis of the quality of mandarin juice (Pérez-López et al. 2006b ).
p-Vinylguaiacol contribute off-flavor to juice stored at room temperature. It was found in orange juices stored for 2 days at room temperature and 37°C, while it was not detected in the freshly-squeezed orange juice and juice stored at 4°C. This indicated that this compound might not be formed under low temperature. This compound can be formed from an odorless precursor ferulic acid. Walsh et al. (1997) also found that the concentration of p-vinylguaiacol remained unchanged and never exceeded its aroma threshold when stored at 4°C for up to 16 weeks, while its concentration increased dramatically and exceeded its aroma threshold after only 6 weeks when stored at 40°C. Similar result was also found in the present study that the content of p-vinylguaiacol in juice stored at 37°C for 4 days was about ten times higher than that in juice stored at room temperature. And p-vinylguaiacol increased with the extension of storage time. This compound was also found in Hamlin sweet oranges existed as a bound volatile compound (Ren et al. 2015) . The formation of p-vinylguaiacol in orange juice during storage might due to the hydrolysis of glycosidically bound volatile compound under its mild acidic condition.
Electronic nose analysis
The FOX4000 Alpha M.O.S. (France) E-nose system was used to detect and analyze the juice samples.
The result showed that the parallel detection of each test sample constituted a separate ethnic group, which indicated that the electronic nose analysis had a good reproducibility (Fig. 3a, b) . From the PCA diagram (Fig. 3b) , it can be seen that the contribution rates of the first principal component and the second principal component were 81.251% and 9.79% respectively. The detection data of the aroma components at 4°C at early storage was basically separated with no overlap. The detection data of the aroma components at room temperature and 37°C was also separated. There were great differences among the samples stored at 37°C, which could be distinguished clearly and there is no overlap with a more obvious distance. It indicated that the aroma of the orange juice was significantly different during storage at different temperatures, and it could be separated according to the electronic nose analysis.
In the DFA analysis, the differentiation of the orange juices was more obvious at 4°C, although the difference in longer storage was not obvious in PCA analysis. The orange juices stored at room temperature for different days were obviously separated, and there was a great distance between the samples. This showed that the aroma components of the orange juice changed obviously at room temperature and there was a clear distinction between them. The orange juices stored at 37°C were more distinct, and there was a great distance between the samples. This indicated that the aroma components of the juices changed greatly at 37°C and they also had obvious distinction. Through the combination of PCA analysis and DFA analysis, the juices at different temperatures could be identified accurately. The distinction of DFA analysis was better than that of PCA.
The sensitivity and selectivity of sensors is an important aspect of any E-nose system. As the recognition ability of an E-nose system depends on the ability of the gas sensors to produce different modes for different substances (Mamat et al. 2011) . As shown in Fig. 3c , the difference was obvious that the detection of aromas changed in the orange juices at 4°C in LY2/g CTL, LY2/GH, LY2/AA, LY2/G, LY2/LG. The aromas at room temperature and 37°C changed in the detection of LY2/g CTL, LY2/GH, LY2/ AA, LY2/G. The response values on the rest of the sensor were not different. Therefore, the establishment of the fingerprint database of the orange juices is conducive to the detection of fresh orange juice stored at different temperatures. It is conducive to the detection of fresh degree of the freshly-squeezed orange juice, and to identify and control the quality of the orange juice.
The changes of aroma components in freshly-squeezed orange juice stored at 4°C, room temperature and 37°C were detected and analyzed according to PCA and DFA using electronic nose. The difference of aroma components at 4°C for different days was not very significant due to the quality decreased slowly. The basic distinction was observed through the analysis of electronic nose detection, while the division is general. During storage at room temperature and 37°C, the quality of the juice changed rapidly, and the change of the aroma composition was obvious. It provides a reference and experimental data for the application of electronic nose detection in the quality inspection and control in the production of freshlysqueezed orange juice.
Partial least square regression analysis
The PLS regression analysis was carried out with the 33 volatile compounds detected in the orange juices at different temperatures during the storage and the 5 sensory descriptors (fruity, grassy, floral, orange, and sour), which could describe the relativity between sensory data and chemical compounds detected by instrument. As shown in Fig. 4 , the five flavors were located closely to 0-day juice which was the freshest, and it was in accordance with the result of sensory analysis. While only citral, 2-hexenal, athujene, octanal, a-terpinene and c-terpinene were close to these five flavors. The juices stored at 4°C for different days were separated from each other, and they were farther away from the five sensory attributes with the extension of storage. The samples stored at room temperature and 37°C were relatively concentrated and far away from the five flavors. And many aroma compounds, such as 3-carene, belemene, caryophyllene and the four off-flavors, were situated around. This indicated that the characteristic flavor of the juices altered significantly during the storage at relatively high temperatures.
Conclusion
TPC increased significantly during the storage at room temperature and 37°C. While they were less than 10 CFU/ g in the first 5 days' storage at 4°C. A significant decrease of the mean scores of each sensory descriptor of the orange juices stored at different temperatures was found during storage, and the sensory scores decreased rapidly with the increase of storage temperature. Totally 8 aroma compounds disappeared and most of the terpenes decreased at 4°C after 15 days' storage. a-Terpineol, cubebene, bgurjunene and tetradecanal were the four new formed compounds at 4°C. Only 2-hexenal, a-thujene, sabinene, octanal and citral disappeared, and 11 aroma compounds increased significantly after 4 days' storage at room temperature. Totally 6 aroma compounds disappeared, and 8 new were formed in juice stored at 37°C for 4 days'. aTerpineol was the only off-flavor compound in juice stored at 4°C and was found after long storage. Terpinen-4-ol, 4-ethylguaiacol and p-vinylguaiacol were three off-flavor compounds formed in juice stored at 37°C for longer Fig. 3 E-nose analysis of freshly-squeezed orange juice stored at different temperatures. a DFA analysis, b PCA analysis and c FINGERPRINT chart. 1: 0 day, 2: 4°C for 1 day, 3: 4°C for 2 days, 4: 4°C for 3 days, 5: 4°C for 4 days, 6: 4°C for 5 days, 7: 4°C for 6 days, 8: 4°C for 7 days, 9: 4°C for 8 days, 10: 4°C for 9 days, 11: 4°C for 10 days, 12: 4°C for 11 days, 13: 4°C for 12 days, 14: 4°C for 13 days, 15: 4°C for 14 days, 16: 4°C for 15 days, 17: room temperature for 1 day, 18: room temperature for 2 days, 19: room temperature for 3 days, 20: room temperature for 4 days, 21: 37°C for 1 day, 22: 37°C for 2 days, 23: 37°C for 3 days, 24: 37°C for 4 days storage. This indicates that off-flavor compounds in juice might be formed more easily at high temperature and longterm storage.
